Abstract: Timing and rates of tectonic events, evolutionary processes, and oceanographic and paleoclimatic changes must be based on high-precision numerical age calibration of stages defined in Global Stratotype and Section Points (GSSPs). The Cretaceous Chronostratigraphic Database (CRETCSDB3) is an objective, testable database that calibrates select Cretaceous events and enables high-resolution chronostratigraphic correlations.
Introduction
The numerical age calibration of the Phanerozoic chronostratigraphic scale has progressed to a stage where the ages of erathems and systems are stabilizing. Compare the 1989 geologic time scale (HARLAND et al., 1990) and the 1994 scale (ODIN, 1994) with the Geologic Time Scale 2004 (GTS2004, OGG et al., 2004 and with the most recent Chronostratigraphic Chart (GST2012, GRADSTEIN et al., 2012) . None the less, age calibration of stages is continuously evolving as new data and new methodologies emerge. GTS2004 was formed using ten methods: 1) rates of radioactive decay of elements, 2) tuning to orbital time scales, 3) stratigraphic reasoning, 4) biostratigraphic/ geomagnetic calibrations, 5) equal durations of zones to scale stages, 6) zone duration proportional to zone thickness, 7) constancy of ocean floor spreading rates, 8) trends in strontium isotope scales, 9) geomathematical/statistical interpolations, and 10) best-fit line of age dates versus stratigraphic assignments (GRADSTEIN, 2004) . Although many more isotopic ages have been measured during the past twenty-three years and their precision has improved, as yet, numerical ages of most system boundaries have not been measured because suitable beds are not available at the boundaries. Furthermore, the ages of some stage boundaries are inconsistent even where radiometrically dated strata are interbedded with biostratigraphic zones and sequence boundaries. For example the interpolated age of the Lower/Upper Cretaceous series boundary as defined by the Albian/Cenomanian stage boundary varies from 97.13 Ma to 100.5 Ma (OBRADOVICH et al., 2002; OGG & HINNOV, 2012 : p. 1052 ).
An important practical goal of stratigraphers is to determine the order of bioevents and to scale the events in numerical ages. The result would be 'look-up' tables of numeric ages of bioevents in the Phanerozoic time scale. These tables would enable geoscientists to calculate rates and durations of stratigraphic units and geologic processes operating between events. The process of compiling such tables must be based on a comprehensive database of measured sections and cores in which the species have been identified and placed in an accurate order measured in thickness. The scientific process of calibrating and scaling species ranges from thickness units to numeric time units must be transparent and testable.
As the accuracy of the chronostratigraphic scale improves and stabilizes, chronostratigraphers are applying numeric ages to fossil zones and to first occurrence (FO) and last occurrence (LO) of many species. The use of FO/LO implies that these datums are observable and testable and that they may change as new data accrues (the FO/LO notation is preferred over first and last appearance datums -FAD/LAD, which imply that these datums are accurate evolutionary events). In GTS2004/2012 the FO and LO of select species are projected into the accompanying time scale. Specialists of specific taxonomic groups have published range charts calibrated to numeric time scales, for example Cretaceous planktic foraminifera (HARDENBOL et al., 1998; PREMOLI SILVA & SLITER, 2002) . However the methodology of such age calibrations is not usually clear and not testable. Numerical methods for interpolating ages, such as spline curve fitting, use stratigraphic records of apparently continuous deposition and uniform rates of sediment accumulation. Subtle changes in rates and brief hiatuses or condensed sections may be overlooked and not accounted.
The ages of Cretaceous stage boundaries have evolved since 1989 and now the ages of several stage boundaries are stabilizing, such as Maastrichtian/Paleogene, Santonian/Campanian, Coniacian/Santonian, Cenomanian/Turonian, Aptian/Albian, and the Tithonian/Berriasian (Fig. 1) . However the ages of these boundaries may change when global section and stratal points (GSSP) are defined for stage boundaries. As of 2012 the base of three Cretaceous stages are defined by GSSPs: Cenomanian, Turonian, and Maastrichtian. The numerical ages of five stages continue to vary in light of new sample data, and existing ages are revised by new conversion factors and new methodologies: Campanian/Maastrichtian, Turonian/-Coniacian, Albian/ Cenomanian, Valanginian/-Hauterivian, and Berriasian/Valanginian. The uncertainty is partly the result of the paucity of radiometrically datable beds in these intervals. Sources: 1989 -HARLAND et al., 1990 1993 -OBRADOVICH, 1993 -HARDENBOL et al., 1998 2004 -OGG et al., 2008 and GST 2012 -GRADSTEIN et al., 2012. These are compared to the CRETCSDB3 prepared by precisionstratigraphy.com as of October 2013.
Methodology of calibrating Cretaceous biostratigraphic data
The Cretaceous Chronostratigraphic Database -CRETCSDB3-was constructed by graphic correlation, which is a transparent, testable method of choice to integrate diverse types of stratigraphic data. Graphic correlation is a quantitative, non-statistical, technique that proposes coeval relationships between two sections by comparing the ranges of event records in both sections (CARNEY & PIERCE, 1995) . A graph of any pair of sections is an X/Y plot of the FOs (first appearances) and LOs (last appearances) of taxa found in both sections. The interpreter places a line of correlation (LOC) through the tops and bases that are at their maximum range in both sections. This LOC is the most constrained hypothesis of synchroneity between the two sections and adjusts the ranges of the fewest bioevents. The LOC also accounts for hiatuses or faults at stratal discontinuities indicated by the lithostratigraphic record. The position of the LOC is defined by the equation for a regression line. Explanation and examples of the graphic technique are illustrated by CARNEY & PIERCE (1995) . A species range database is compiled by iteratively graphing successive measured sections or cores and integrating ranges in all sections. The accuracy of these ranges depends on the number of sections, preservation and correct identification of the species. The X/Y cross plot presentation appears to be similar to two-dimensional age/depth plots used by many stratigraphers, however, those plots use pre-determined age models that cannot be tested. In contrast event orders and ages compiled by graphic correlation can be fully evaluated because the sources of the data are available. In addition the order of events in different basins can be compared.
The measured sections of events are plotted to a standard section scaled in mega-annums. By iteratively plotting successive sections the ranges are composited in a numerical time scale. Such a database is testable and the process is transparent so that the fossil occurrence in each section can be evaluated to determine its accuracy. This process integrates data from numerous global sections analyzed by specialists. The database is documented by a series of seven appendices accessible through the 'CRET-CSDB' link at http://precisionstratigraphy.com/.
The graphic correlation process retains the interpretation in the hands of a team of specialists rather than a heuristic computer program. This method enables the stratigrapher to detect hiatuses or changes in rates of sediment accumulation that might have been overlooked in assigning zones to the section. The objections to graphic correlation methodology posed by GRADSTEIN et al. (2004) can be eliminated by selecting a geologic time scale as the standard reference section (SRS). Thus the scale is in mega-annums rather than thickness and assumptions about sediment accumulation rates are avoided. The process is not limited to a few sections or a few stratigraphic events.
Construction of the Cretaceous Chronostratigraphic Data Base3 (CRECSDB3) began in late 1994 as an outgrowth of a joint project with the Free University of Amsterdam. This data base has become an integrated set of more than 3500 taxa, magnetochrons, geochemical events, sequence stratigraphic, and other types of marker beds measured in more than 295 stratigraphic sections distributed from the Tethyan Realm to the Arctic and Antarctic (Fig. 2) . A majority of sections is from Europe and North America because these areas have been studied most intensively; however all major continents and ocean basins are represented (Fig. 3) . These chronostratigraphic events were integrated relative to each other by progressive sets of graphic correlation experiments. Building successive sets of 40 to 60 sections was necessary because of the limits of the GraphCor software. An unlimited number of sections can be analyzed in subsequent projects, thereby overcoming the perceived disadvantage that the number of sections is limited . The CRETCSDB3 was compiled in eight graphic correlation projects: MIDK3, MIDK4, MIDK41, MIDK42, MIDK45, LOK, CRET1, and CRET2 (Fig.  4) .
The first project, MIDK3.CAT, was designed to use a time scale as the standard reference section (SRS) so that no assumption was made as to constancy of rates of sediment accumulation. The succession of section graphs then were scaled to time units rather than thickness units. The first experiment used the 1990 HARLAND Geologic Time Scale (1989) as the SRS plotted to the Kalaat Senan, Tunisia Cenomanian/Turonian section (ROBASZYNSKI et al., 1990) . The MIDK3 project is composed of 51 outcrop and cored Aptian to Coniacian sections from the Crimea to the North American Western Interior Basin. The Albian/Cenomanian GSSP section at Mont Risou near Rosans, France defines this boundary in the project. The ranges of chronostratigraphic events were saved in the MIDK3CS.1 file, which was then used as the SRS for the next project. At the end of each project the data was saved in a similar and growing data file, which was then used to compile the next project. The third project was MIDK41, which integrated all the data in MIDK4 with the revised ages of stage boundaries , which is the reference section (NEWKAGES.1). An additional 45 sections were integrated with this time scale. Several key Cenomanian/Turonian sections already in the database were regraphed in order to re-set the ages of FOs to 93.00 Ma. However the LOs did not change. Additional sections in carbonate shelves and in the Upper Cretaceous redbed sections were added. These data were saved as MIDK41CS.1, which became the SRS of the fourth project, MIDK42. In this project the age of the Cenomanian-Turonian boundary was revised by graphing sections spanning Cenomanian-Turonian boundary. New sections from the Sinai and Tibet were added to extend the control of the Late Cretaceous interval and saved as the composed section MIDK42CS.1. The fifth project, MIDK45, used MIDK42CS.1 as the SRS and added 44 Upper Cretaceous shelf and basin sections in Turkey, Spain, Croatia, France, Sinai, Iran, and palynological data from Greenland. The Angles section in Southern France was included to add data across the Barremian/Aptian boundary. The resulting MIDK45CS.1 data set is the SRS for CRET1, which was the next step that extended the database down to the Jurassic/Cretaceous boundary. In order to constrain Lower Cretaceous ammonite and calpionellid zones a separate project, LOKCS.2, was created and was integrated with CRET. LOKCS.2 consists of twenty-three sections that integrate ammonites, nannoplankton and magnetochrons and spans the Berriasian through Barremian stages and into the lower part of the Aptian. The Olazagutia, Spanish section spanning the Coniacian-Campanian was also added to CRET1. This database was extended to include key Upper Cretaceous sections and their ammonite zones in the Western Interior.
This database was then graphed to the MIDK45CS.1 database derived from project MIDK45 to form the CRET1.CAT project. The standard reference section of CRET1 was the 2004 Geologic Time Scale (GTS2004, OGG et al., 2004 . Only the numerical age of the Albian/Cenomanian boundary differs significantly from the GTS2004 age because it was calibrated to Western Interior bentonites that correlate to the North Texas section by dinoflagellates and sequence stratigraphy (SCOTT, 2007; OBOH-IKUENOBE et al., 2007 . In the North Texas section ammonites constrain the base Cenomanian (KENNEDY et al., 2005) . The CRET1 project is composed of 40 sections, many of which are of Upper Cretaceous siliciclastic sections in the Western Interior.
The numerical ages of latest Cenomanian to earliest Turonian LOs were re-calibrated to the revised age of the Cenomanian/Turonian boundary OGG & HINNOV, 2012) by re-graphing 26 key sections spanning this boundary to comprise CRET2.CAT. Also included were selected sections that increased the occurrences of key bioevents. The MOWRYCS database of 19 Western Interior sections was also added to integrate the middle Cretaceous siliciclastic Dakota Group and Mowry Shale sections in New Mexico, Colorado, Wyoming, and Montana, which included the important bentonites used previously to date the Albian/Cenomanian boundary (OBRADOVICH, 1993; HICKS et al., 1999; OBOH-IKUENOBE et al., 2008; ).
The final step in compiling CRETCSDB3 was to re-set the LOs across the Cenomanian/Turonian boundary. These occurrences were deleted in CRET2CS.1, which then was graphed to GTS 2004 as CRETFIX.CAT project. This file, CRET CS3.1 was graphed to NEWKAGES.1 and CRET.1 in the CRETFIX.CAT. This composited dataset was saved as CRETCSDB3 (Fig. 5 ).
Results

Integrated radiometric dates
The Cretaceous geochronologic scale is constrained by numerous radiometric measurements (Table 1 ). The majority of ages were determined on sanidine by 40 Ar/ 39 Ar from Albian through Maastrichtian bentonites in North America (OBRADOVICH, 1993; IZETT et al., 1998; HICKS et al., 1999; HANCZARYK & GALLAGHER, 2007) . High-precision glauconite dates have also been used to scale the Cretaceous (ODIN, 1994) . Many of the dates have been updated by other workers in GTS2012 and new analyses are in progress (B. SINGER, personal communication, 2013). The numerical ages derived by radiometric analyses continuously evolve as new standards and methods are used. OBRADO-VICH (1993) measured sanidine ages from beds at diverse localities associated with actual or inferred key fossils that represent the zones. Only those ages in measured sections were graphed into CRETCSDB3. Many other ages were from isolated beds associated with zonal fossils and were interpolated to calibrate the scaling of the Western Interior ammonite zones (COBBAN et al., 2006) . In the Red Bird section, eastern Wyoming, six bentonite beds are interbedded with fossil zones dated by OBRADOVICH (1993); these beds were graphed into the CRETCSDB3. Other dated strata are in well documented biostratigraphic sections and have been integrated into CRETCSDB3. An additional age of 115.5±0.7 Ma from a tuff bed in northern Mexico was derived from U/Pb in zircon (PERYAM et al., 2005) , however no comparable date is in GTS2012. This bed is a few meters below the Upper Aptian Immunitoceras immunitum STOYANOW Assemblage Zone, which consists of Eodouvilleiceras adkinsi, Hypacanthoplites ceratitosus, and Parahoplites fasciculatus (GONZÁLEZ-LEÓN et al., 2008) . Zircon in rhyolites overlying the Upper Valanginian Calcicalathina oblongata-Speetonia colligata assemblage (NK-3) in Tibet are dated at 136.0±3.0 Ma by the SHRIMP method (WAN et al., 2011) . The Berriasian-Valanginian Assipetra infracretacea Subzone of the Retecapsa [Cretarhabdus] angustiforata Zone (NK-2) is dated at 138.46±0.29 (GTS2012). However these two radiometrically dated strata are not in the same bed as these taxa so they are compared with the ages of the FO of the species in CRETCSDB3, which are somewhat older.
The majority of radiometric ages are within one million years of numerical ages in CRET CSDB3; those ages that differ by more than 1 myr are highlighted ( Table 1 ). The original ages of some beds are closer to the CRETCSDB3 ages; however the greatest difference results from the different calibration of the Cenomanian/Turonian boundary, which was re-calibrated since the beginning of the Cretaceous dataset. Also ages spanning the Albian/Cenomanian boundary differ because two different radiometric age calibrations are used to constrain this boundary (see discussion in section on stage calibrations).
An X/Y plot visually compares the radiometric ages with ages interpolated by graphing of well documented sections in CRETCSDB3 (Fig. 6 ). This plot demonstrates that the two methods produce precise time scales that are consistent where stage ages are consistent. Ages of Santonian ammonites are an outlier set on the correlation line. The ages of FOs of Scaphites hippocrepis II and Desmoscaphites bassleri are different in CRETCSDB3 than in GTS2012. These discrepancies suggest that the range of S. hippocrepis II was dated near its extinction point rather than at its FO, and that D. bassleri ranges below the dated bed in another section of CRETCSDB3. Ages in the older part of the Cretaceous Period are not well constrained stratigraphically so that the comparison is inaccurate.
Another outlier is around the Cenomanian/Turonian boundary. Numerous closely spaced, radiometrically dated bentonite beds are interbedded with key zone taxa. Even though the dated beds and fossils were not collected from a single measured section, the beds and zones are in a consistent stratigraphic order. The bioevents crossing this boundary are younger in CRETCSDB3 than in GTS2012 because ranges in CRETCSDB3 were reset from the 1990 90.5 Ma age to 93.0 Ma to accommodate the 1993-1998 revised Cretaceous time scale. Because the numeric age of this boundary varies (B. SINGER, personal communication, 2013) , the ages in CRETCSDB3 must be re-calibrated. 
Calibration of stage boundaries
The GSSP sections of the Cenomanian, Turonian and Maastrichtian are incorporated into CRETCSDB3, and boundaries of other stages in CRETCSDB3 are defined by the same criteria as used in GTS2012. The numerical age calibration of Cretaceous stage boundaries in both GTS-2012 and CRETCSDB3 track closely except the Albian/Cenomanian and the Valanginian/Hauterivian boundaries (Fig. 7) . The age of the Cenomanian base varies in the two databases because different sections and different radiometrically dated beds are used to constrain the age and because cyclostratigraphic data of the Albian and Cenomanian are incorporated in both stage scales (FIET et al., 2001; OBRADOVICH et al., 2002; GRIPPO et al., 2004; .
The base of the Cretaceous System in GTS 2012 currently is placed at the base of the Berriasian Stage although no GSSP has been designated OGG & HINNOV, 2012) . Criteria used in construction of GTS2004/2012 are the FO of Berriasella jacobi and the base of Calpionellid Zone B defined by the FO of the intermediate spherical form of Calpionella alpina, both of which are within the upper part of Chron M19n. These criteria are located in sections in southeastern France and at Rio Argos, Spain.
In CRETCSDB3 the Rio Argos section (LOK.2), one of the first datasets used to construct the Lower Cretaceous range data, sets the FO of B. jacobi at 10 m, but neither magnetochrons or Calpionellid Zone B were identified in this section. However all three criteria are reported in the Puerto Escano section, Southern Spain (LOK.28); the magnetochron and C. alpina also co-occur in the Italian Bosso Valley section (LOK.8); the magnetochron is recorded with nannoplankton also in the Fiume Bosso Section, Italy (LOK.26) and the Fonte Giordano Section (LOK.27). The numerical age calibration of the base of the Berriasian has had a wide error bar because no direct calibration points are available; the age used in GTS2004 was 145.5±4.0 Ma and in GTS2012 it is 145.0±0.8 Ma. This age was derived from the M-sequence magnetic polarity time scale (OGG & SMITH, 2004 (KENNEDY et al., 2004) . The age calibration of this boundary has evolved considerably since 1993 when the age was pegged at 98.5±0.5 Ma (OBRADOVICH, 1993) to 99.6±0.9 in GST2004 and 100.5 Ma in GTS2012. An alternative data set of sequence stratigraphy, cosmopolitan dinoflagellate and ammonite events correlate the Albian/Cenomanian boundary in the U.S. Gulf Coast with the Clay Spur Bentonite Bed radiometrically dated at 97.88±0.69 Ma in the Western Interior ; age revised in GTS2012). Because CRETCSDB data set was founded prior to the evolution of this age, the FO of T. globotruncanoides is projected at 97.13 Ma by correlation with the Clay Spur. This age calibration results in a 15.47 myr duration for the Albian Stage, which is considerably longer than the 11.6±0.2 myr duration projected by cyclostratigraphy (GRIPPO et al., 2004; FIET et al., 2006; . Calibration of the Albian duration by cyclostratigraphy is as yet uncertain because of differences in the eccentricity frequencies and the number of cycles counted in the Monte Petrano and Piobicco sections (SCOTT et al., 2009: Fig. 9 ).
In the Turonian Stage GSSP (MIDK.15) at Pueblo, Colorado, the FO of Watinoceras devonense is the criterion defining the stage (KENNEDY et al., 2000b) . The age is constrained at 93.5±0.8 Ma by numerous closely associated bentonite beds in GTS2004 and 93.9 Ma in GTS2012. In CRETCSDB3 the initial age was 90.5 Ma used by HARLAND et al., (1990) , which was the age scale used in the first step constructing the MIDK3 database in 1994, the precursor dataset of CRETCSDB3. Subsequently the age of this boundary was shifted to 93.00 Ma by regraphing the Kalaat Senan section (MIDK.1), which brought the FOs down but the LOs did not move because their ages were set in the standard section. Subsequently this data set was edited in order to recalibrate the last occurrences to approximate the older age. (ODIN, 1996; ODIN & LAMAURELLE, 2001; OGG & HINNOV, 2012) . The age calibration of this boundary, however, is uncertain. One hypothesis correlates the GSSP horizon close to the base of the Western Interior ammonoid zone of Baculites jenseni and to the middle of Chron C32n.2n, both of which are interbedded with a bentonite dated at 72.4±0.5 Ma (OGG et al., 2004, p. 365 The GSSP boundary of the Cretaceous Period and the Paleogene Epoch is the Iridium anomaly in the El Kef, Tunisia, section (UPK.5) (FRANKEL, 1999) . This anomaly is also recorded in the southwest Atlantic (DSDP 516F, section PAL.131) and the Indian Ocean (ODP 752A+B, PAL.141). Top of the Maastrichtian in CRET CSDB3 is bracketed by the extinction of numerous key ammonites, foraminifera, nannoplankton, and dinoflagellates.
Calibration of ammonite biozones
The GTS2012 chart lists 46 Upper Cretaceous Western Interior ammonite zones, most of which are in CRETCSDB3 ( Table 2 ). The correlation of stage boundaries into the Western Interior are the interpretation of COBBAN et al. (2006) . The ages of all but four Western Interior taxa are scaled in the predicted order: Pseudaspidoceras flexuosum, Vascoceras diartianum, Neogastroplites cornutus and Neogastroplites haasi; three of these four are only slightly younger than adjacent zonal indices ( Table 2 ). The stage assignment of the five Neogastroplites zones is equivocal, being assigned to the Cenomanian because of the radiometric bentonite ages in GTS2012 and to the Upper Albian because of the regional correlations with the Texas section (SCOTT, 2007; . The Upper Albian ammonite zones and subzones are included although they are not identified in the Western Interior. BAN et al. (2006) and numerical ages of Lower Cretaceous ammonite zones in GTS2014 with numerical ages in CRETCSDB3. Lower Cretaceous zonal scheme is mainly from REBOULET et al. (2010) . All but two of the Early Cretaceous zonal index species are documented in CRETCSDB3 and the ages of all but two are in the predicted order (Table 3 ). The two zone index species that appear to be out of order are Early Barremian Kotetishvilia [Subpulchellia] compressissima and Middle Berriasian Subthurmannia occitanica. The FO of K. compressissima is calibrated at 129.68 Ma, which is older than the older three Barremian zones that are calibrated from 128.53 to 128.50 Ma (Table 3) . K. compressissima is reported in the Gorgo a Cerbara section, Italy (MIDK.43) in the interval of Magnetochron CM3R dated at 130.4-129.03 Ma, which spans from earliest Barremian to early Late Barremian (OGG & HINNOV, 2012) . This species is also recorded in the Campillo de Arenas section, southern Spain (MIDK.128) where it overlies the oldest Barremian zones of Nicklesia [Subpulchellia] nicklesi and Taveraidiscus [Spitidiscus] hugii in the predicted order; the age of the FO of K. compressissima is interpolated at 128.40 Ma. This discrepancy suggests that the ages of earliest Barremian events may need to be recalibrated. The Middle Berriasian Subthurmannia occitanica is in the Rio Argos section, Spain (LOK.3) and the Berrias section, France (LOK.6) where its age is calibrated at 141.06 Ma. It overlies the 144.07 Ma Berriasella jacobi Zone and underlies the Subthurmannia [Faurella] boissieri Zone dated at 141.95 Ma.
Calibration of planktic foraminiferal biozones
The ages of Cretaceous planktic foraminiferal zones and their ranges in CRETCSDB3 have been interpolated relative to older time scales (HARDENBOL et al., 1998; PREMOLI SILVA & SLITER, 2002) . As the GTS2012 time scale evolves these ages must be re-calibrated to revised ages of stage boundaries. The order of foraminifera BOWN et al. (1998) and BURNETT (1998) with numerical ages in CRETCSDB3. Highlighted taxa are older or younger than predicted by BOWN and BURNETT. bioevents in CRETCSDB3 is the same as in these zone schemes (Fig. 8) however some FOs are older in CRETCSDB3 than projected by PREMOLI SILVA and SLITER. Most differences are the result of different age calibrations of stage boundaries.
Calibration of calcareous nannofossil biozones
A revised Lower Cretaceous nannofossil zone scheme is based on new data from northwestern Europe, which integrated Boreal and Tethyan species with ammonite zones (BOWN et al., 1998) . The Upper Cretaceous nannofossil biostratigraphy is composed of ranges in the North Sea integrated with Mediterranean and Indian Ocean data (BURNETT, 1998) ( Table 4 ). The GTS2012 succession of nannofossil FO and LO are derived mainly from BRALOWER et al. (1995) and BOWN et al. (1998) with modifications from three other specialists (Table 5 ).
The CRETCSDB3 database is composed of 430 nannofossil taxa including most of the taxa that define the various zonal schemes. In order to evaluate the correspondence of the relative stratigraphic order of zone marker species, the numerical ages in GTS2012 are plotted to the ages in CRETCSDB3 (Table 4) . Most bioevent ages are consistent with the ages of the stages in which they are reported in GTS2012 (BURNETT et al., 1992) . However several events that mark stage boundaries in GTS2012 are younger in CRETCSDB3. The LO of Broinsonia parca constricta at the base Maastrichtian is about 3 myr younger in the Maastrichtian. This species occurs above the top of magnetochron C32, which spans the Campanian/Maastrichtian boundary in GTS2012. The FO of Arkhangelskiella cymbiformis marks the top of the Santonian and the UC12/UC13 boundary in GTS2012 however this species is reported in the Turonian in the Canadian Western Interior (SCHRODER-ADAMS et al., 1996) . The base of the Cenomanian corresponds to the FO Corollithion kennedyi, which in CRET-CSDB3 is scaled at 0.55 myr younger than the FO of the GSSP marker Thalmanninella globotruncanoides. The base of the Albian is correla-ted with the FO of Prediscosphaera columnata (BOWN et al., 1998) however in several sections the FO of this species is below ammonite and planktic foraminiferal bioevents and black shale beds that traditionally mark the base Albian.
Calibration of dinoflagellate bioevents
Formal dinocysts zones have not been defined; however the FO and LO of key species are documented (FOUCHER & MONTEIL, 1998; WILLIAMS et al., 2004) . The stratigraphic ranges are controlled by latitude so that ranges are different in low, middle and high latitudes. The dinoflagellates events in CRETCSDB3 are not latitudinally differentiated so that the FO and LO ages may differ from the published charts (Table 6 ). In addition the dinocyst events in CRETCSDB3 are documented in fewer sections than many other bioevents in the data set. For example, the FO of Cannosphaeropsis utinensis is recorded in only one section in CRETCSDB3 in the Maastrichtian and its full range into the Santonian is not yet documented. None the less, the occurrences of many species bracket stage boundaries as predicted.
Calibration of polarity chrons
The Lower Cretaceous interval of the Msequence magnetic anomalies spans from the Berriasian to the Aptian stages and the Upper Cretaceous C-sequence spans from Santonian through the Maastrichtian (OGG and SMITH, 2004; OGG & HINNOV, 2012) . These magnetochrons are constrained in the CRETCSDB3 by key sections (Table 7) . The Lower Cretaceous series CM0R-CM9R and M14n-M20r are defined in fourteen sections in Italy, Spain, Portugal, and Poland; chrons M10n -M13r are not recorded in these sections. The Upper Cretaceous Csequence C29n-C34n is controlled by five oceanic sections in the Antarctic, Southern and Northern Atlantic, and offshore England. The Maastrichtian-Danian contact is between the top of C29r at 64.74 Ma and the top of C30n at 69.89 Ma. If the Jurassic/Berriasian boundary is at M18r/ M19n in the Berriasiella jacobi Zone, the age is 143.59 Ma. However if the base Berriasian is at FO of B. jacobi then the system age is 144.07 Ma.
Upper Cretaceous polarity chrons ages are somewhat younger in CRETCSDB3 than in GTS 2012 (Table 7) . This is the result of calibrating the Cretaceous/Paleogene boundary at 65.5 Ma in CRETCSDB3 compared to 66.0 Ma in GTS 2012. However the Lower Cretaceous polarity chron ages vary considerably; some in CRET CSDB3 are younger than in GTS2012 and others are older. Few radiometric ages in the Lower Cretaceous constrain the age calibration of magnetochrons. FOUCHER & MONTEIL (1998) and WILLIAMS et al. (2004) .
Calibration of chemostratigraphic events
Cretaceous carbon-rich beds and carbon isotope stratigraphic events are well documented in the Cretaceous record and are tightly constrained by biostratigraphy. In CRETCSDB3 black shale beds and positive carbon isotope shifts and increases of total organic carbon were first integrated from a few key reference localities (Table 8 ). The widespread carbon isotope shifts and black shale beds of OAE 1a, OAE 1b and OAE 2 were first documented at Santa Rosa Canyon, Mexico and at Kalaat Senan, Tunisia, respectively. Subsequently they were documented and correlated at numerous other localities including in the Piobbico Core, Marche, Italy.
OAE 1c was first defined in CRETCSDB3 at Roter Sattel section, Switzerland, and the Coppa della Nuvola section, Italy. It is correlated with the Amadeus bed in the Piobbico core, Italy, and at the Coppa della Nuvola section, Italy. OAE 1d was projected into CRETCSDB3 from DSDP 547 core offshore Morocco and DSDP 386 core on the Bermuda Plateau; it is correlated with the Breistroffer bed at Mont Risou, Rosans, France, and Col de Palluel, Hautes-Alpes, France. The Upper Aptian-Lower Albian black shale beds Marker beds Niveau JACOB, KILIAN, PAQUIER, and LEENHARDT were first projected and scaled in CRET CSDB3 from the Pré-Guittard section, France. The IntraVal OAEb-d events in CRETCSDB3 are positive shifts of about 0.5‰ in the C isotope curve (HENNIG et al., 1999: Fig. 2 
Cretaceous cyclostratigraphy and astrochronology
Eccentricity cycles have been defined in a number of Cretaceous sections based on bedding composition and thickness. Cyclostratigraphic analyses have the potential to scale the duration of several stages, however, different durations have been proposed for the Albian and Cenomanian stages. Uncertainty is derived in part from using different criteria to define cycles, such as lithologic changes, mineralologic changes, gray-scale changes, and gamma ray properties (HERBERT et al., 1995) . An additional source of uncertainty is from using different biostratigraphic criteria to define the base of the Albian. Furthermore, diverse correlations of the Albian/Cenomanian boundary with different radiometrically dated beds using different biostratigraphic properties and sequence stratigraphy result in different durations of the stages.
Included in CRETCSDB3 are twenty-five cycles defined in the cored Albian interval at Gubbio, Italy (GRIPPO et al., 2004) . These cycles are plotted with twenty-nine long-term (c. 413 kyr) eccentricity cycles at Monte Petrano, Italy (FIET et al., 2001; . Albian durations vary from 11.9 myr (HERBERT et al., 1995) to 11.6 ± 0.2 myr (FIET et al., 2001 (FIET et al., , 2006 and up to 12.45 myr (GRIPPO et al., 2004) . The estimates of the Cenomanian duration range from 4.45 myr to 6.0 ± 0.5 myr (HERBERT et al., 1995) .
Cenomanian-Turonian limestone-marl cycles in the Bridge Creek Limestone Member of the Greenhorn Formation record mainly long-term eccentricity, 413 kyr, and obliquity, 50.7 kyr, cycles by spectral analysis that together scale the Bridge Creek duration at 1.57 myr (SAGEMAN et al., 1997) .
In the Bounds core (MIDK.9), the lithologic cycles of the members of the Greenhorn Formation core are identified as correlative "marker beds" with initials of the respective lithostratigraphic units (HATTIN, 1975; SCOTT et al., 1998) . In CRECSDB3 the durations of these marker beds range from 306,300 kyr to 43,600 kyr and average 144,266 kyr. These lettered cycles are defined differently than those of SAGEMAN et al. (1997) and evidently do not record uniform climate cycles but they are combinations of eccentricity and obliquity frequencies. Interbedded marl-limestone cycles are defined in the Coniacian-Santonian Niobrara Formation (Marker beds Kn 1-9; LAFERRIERE & HAT- TIN, 1989 ). The average duration of these cycles is 70,846 kyr based on graphic plots suggesting that they may represent the 100 kyr eccentricity frequency (SCOTT et al., 1998) . These bed sets are mapped and correlated from Kansas to the Colorado Front Range a distance of 525 km. MILANKOVITCH-scale eccentricity and obliquity cycles were documented by resistivity log data and CaCO 3 weight percent in the Niobrara Formation (LOCKLAIR & SAGEMAN, 2008) .
Integration of non-marine biota
Although most of the 3500+ events in CRET CSDB3 are marine fossils or non-biotic events, terrestrial microfossils are integrated with stage boundaries. Pollen and spore taxa are documented from sections in the Western Interior and Texas Gulf Coast. In these sections marine fossils occur together with the non-marine taxa. The large Turonian-Maastrichtian non-marine biota in the Songliao Basin has been integrated with marine and ages projected to their ranges (SCOTT et al., 2012; WAN et al., 2013) . A 2400 m core in the Songliao Basin documented the biota, magnetochrons, sparse marine foraminifera, and two radiometric dates. These markers were also in CRETCSD3 and were the common points in the graphic solution. These taxa are listed in a separate table in SCOTT et al. (2012) .
Conclusions
The Cretaceous Chronostratigraphic Database -CRETCSDB3 -is a compilation of more than 3500 numerically dated age-diagnostic events of the Cretaceous Period. This database is composed of major zonal index species together with magnetochrons, geochemical events, marker beds, and sequence stratigraphic contacts. The CRETCSDB3 was compiled from nearly 300 publically accessible measured sections with biostratigraphic data check-listed by professional paleontologists. It serves as a reference table of bioevent ages to be used to interpret chronostratigraphy of outcrops and cores.
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